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Preface

In 1897, through the largest federal condemnation action of that century, Congress acquired the
seven locks and dams of the Monongahela Navigation Company (MNC). This privately owned,
state-chartered system had provided slackwater navigation on the Pennsylvania portion of the
Monongahela River since 1841. Federal ownership guaranteed the elimination of tolls levied by
the MNC, and consolidation with the two federal locks and dams on the West Virginia portion of
the river and the federal lock and dam on the Ohio River. These federal facilities were built and
operated by the Pittsburgh District, U.S. Army Corps of Engineers, starting in the late 1870s,
with a Congressional directive to extend slackwater navigation to the Monongahela headwaters
and the Ohio. At the same time the District was planning and designing the new facilities for the
extension, they were assigned responsibility for the existing seven MNC facilities, which entailed
immediate repair or replacement of some of the older MNC locks and dams that had worn out
from age and the harsh river environment. Army engineers in Pittsburgh had three locks and
dams to manage before 1897, but within 10 years, they would have twenty.

Many of the MNC engineers had gained practical experience in small lock and dam construction
on the early 1800s canal system, but they had to pioneer open river construction techniques for
building more substantial structures for river navigation. The MNC engineers succeeded while
many of their contemporaries working on other Ohio River tributaries struggled and some
failed. Many of the MNC engineers transferred to the Pittsburgh District in 1897, and brought
their experience with them. New lock and dam structures would become larger and more dura-
ble, particularly as wood and stone gave way to concrete and steel in the early 1900s. By the
1930s, the District had replaced all of the original MNC facilities with seven of its own, and had
long since expanded the system to a total of 15 locks and dams, covering the full length of the
128-mile river. During World War II, it became obvious through increasing demands and age
that the earliest District replacements needed themselves to be replaced by newer and larger
locks. Planning for an updated system consisting of modern-sized and fewer, higher lift locks
began a few years after the war ended.

By the late 1980s, all of the navigation facilities in the middle and upper reaches of the river had
been modernized, including some components of the three lower river facilities, Locks and
Dams 2, 3 and 4. In 1992, Congress authorized the District’s plan to modernize these three older
facilities, producing a third generation of locks and dams from the original MNC structures.
These new structures would bear little resemblance to the original MNC timber and stone struc-
tures, but would be constructed in the river in much the same fashion: inside dewatered tempo-
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rary cofferdams. Cofferdam technology had changed somewhat since the 1830s but the same
basic issues affecting MNC engineers concerned modern engineers — how to construct a cost-
effective temporary structure in the river to create a dry working environment. Foundation
characteristics, permeability, structural stability, overtopping, and the vicissitudes of weather

and river flow were as critical as they had always been.

District engineers, working on detailed replacement plans for the 1906 Dam 2 in the mid-1990s,
made a landmark decision to construct the new dam without use of cofferdams. Working with a
team of construction and marine engineers, they conceived and executed a plan for in-the-wet
construction that should save both time and money by eliminating the necessity of constructing
and removing two stages of cofferdams. The dam would be constructed in two segments of heav-
ily reinforced concrete shells, fabricated in a specially constructed casting basin about 16 miles
downriver from Pittsburgh, and 27 miles from their final destination at Monongahela River
Locks 2. On a warm summer afternoon in July 2001, District employees gathered at Pittsburgh’s
Point State Park to see the first segment, as large as a football field, float past as a towboat
pushed it to an outfitting pier at Duquesne on the Monongahela River. Here, both segments, in
turn, would be outfitted for setdown onto a pre-constructed foundation, all done in-the-wet
without cofferdams. Although float-in construction in coastal and lake environments was not
new in concept, its use for the new Dam 2 (renamed Braddock Dam) represented the first use of

float-in construction on the inland rivers for a major navigation dam.

Innovation is no stranger in the Pittsburgh District. New designs and technology for making
locks and dams bigger, and their operations more flexible and easier, have consistently been
introduced from the District’s first projects on the Mon and Ohio rivers. Movable dams, gated
dams, the largest lock chambers in the world, these and more characterize their structures and
set standards others would follow in maintaining reliable and efficient movement of traffic on
the inland rivers. The historic importance of Pittsburgh’s regional industries to iron, steel, glass,
coke and coal production, and their role in national development and victory in two world wars
is well recognized. What is not so well recognized, however, is the vital dependence of these in-
dustries upon the river navigation system. Pittsburgh engineers have had more experience with
locks and dams than any other Corps of Engineers district. Although the smallest geographically
of the four Ohio River districts, its situation at the steeper headwaters of the Upper Ohio River
requires that navigation dams be spaced at closer intervals than further downriver where the
slope decreases. The District operates and maintains more locks and dams than any other Corps
of Engineers district (23 on the Ohio, Allegheny and Monongahela rivers).

In the process of planning for the modernization of Monongahela Locks and Dams 2, 3 and 4,
District compliance with the National Historic Preservation Act led to a cultural resource miti-
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gation plan to account for the effects of removing the last remnants of structures constructed
nearly a century earlier. Through consultation with the Pennsylvania Bureau for Historic Pres-
ervation and the Advisory Council on Historic Preservation, the resulting plan included three
basic components: historic documentation, preservation and interpretation. Documentation of
has been satisfied through the inclusion of Locks and Dams 2, 3 and 4 in the Historic American
Engineering Record collection at the Library of Congress. The HAER documentation also in-
cluded contextual information on the Monongahela Navigation System, and a separate entry on
the construction of new Braddock Dam.

This history of Corps of Engineers cofferdams and in-river construction satisfies the “historical
publication” stipulation under the “interpretation” mitigation feature. While other interpretive
mitigation activities, such as production of a video, museum exhibit, and signage, are directed
towards a general audience, the historical publication involves research and themes of more
interest to the historic professional community. Former research on the Monongahela River
Navigation System has been narrowly focused on an administrative history - the where’s and
when’s of projects. More was needed on the why’s and how’s, and on placing the navigation sys-
tem into a broader context of the Corps of Engineers inland river navigation systems. There are
many directions that research might have taken.

The direction that was eventually settled upon developed during the process of HAER docu-
mentation of the new Braddock Dam in-the-wet construction. Questions about the technological
innovations that permitted in-the-wet construction at this time led to others on how and why
the Corps employed and adapted cofferdam construction over the years. Many Corps historical
studies had been performed on inland navigation systems, and individual structures within
these systems, but nothing had been done on the cofferdam technology to construct these sys-
tems.

The District consulted with historians at the Chief of Engineers Office of History, Ft. Belvoir,
Virginia, receiving both encouragement and valuable input on specific research questions and
avenues for research and sources. Dr. Marty Reuss, now retired, and Matthew Pearcy contrib-
uted to and improved the scope of work, and Mr. Pearcy provided welcome guidance during re-
search and review of the draft manuscript. Corps staff from many districts and research facili-
ties, including historians, engineers, librarians, and others, contributed to this body of research,
and their time and input were greatly appreciated. Through their knowledge and the talents and
diligence of Dr. Patrick O’Bannon and others at Gray & Pape, Inc., the researching, organizing,
analyzing and writing of this publication was made possible.



From the 128-mile Monongahela River Navigation System to all 196 lock and dam facilities on
12,000 miles of the inland river navigation system bordering 38 states, the Corps of Engineers
contributes significantly to the nation’s economy. Hundreds of millions of tons of domestic
cargo valued at over $300 billion move annually through this system. It also facilitates move-
ment of a significant portion of the $851.5 billion of imports and exports through U.S. ports each
year. The efficiency and reliability of this system depends on the ability of the Corps to operate,
maintain and construct replacement facilities. While these facilities may be seen, touched, and
rightly appreciated, the present study is a tribute to what is essentially an invisible and little
known element of Corps history, yet important in it own right.

Conrad Weiser
Pittsburgh District
U.S. Army Corps of Engineers
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1 Introduction

ny child who has tried to build an

island in a puddle, or dam a freshet

or stream, has confronted the
difficulty of building in water. You can drop
stones or rocks into the water to form a base
or foundation for your project, which works
well enough if you use large stones, but be-
comes increasingly problematic as the size of
the stones diminishes. If you are working in
moving water, the difficulties are signifi-
cantly greater, since the current tends to
wash the stones downstream as soon as they
are dropped into the water. What can be
frustrating for a child appears seemingly
impossible for an adult. How does one con-
struct a foundation for a permanent struc-
ture, such as a dam or a bridge pier, when
the construction site is underwater?

In December 2006, the Pittsburgh District of
the U.S. Army Corps of Engineers engaged
Gray & Pape, Inc., through Woolpert, Inc., to
document and analyze the history of
advancements in inland river construction
techniques involving cofferdam and in-the-
wet construction technology used by the U.S.
Army Corps of Engineers. This document

presents the results of those investigations.

The traditional solution to this problem
requires the use of a cofferdam. A cofferdam
is a temporary, watertight structure erected
around a construction site, designed to keep
water from inundating the site during con-
struction. Cofferdams can vary in design
from simple earthen dikes heaped up around

a construction site, to elaborate and costly
structures constructed of steel sheet piling.

Cofferdams are not an invention of the
industrial age. Among the earliest written
descriptions of cofferdams are those of
Marcus Vitruvius Pollio, a Roman writer,
architect, and engineer, active during the
first century B.C. Vitruvius is said to be the
author of De architectura, known today as
The Ten Books on Architecture, a treatise on
landscape architecture, architecture, engi-
neering, and town planning. Written ca. 27
B.C,, it is the only surviving major book on
architecture from classical antiquity.

Vitruvius describes single and double-wall
cofferdams in Chapter 12, Book 5, of
De architectura. The single-wall structure
consists of “sides formed of oaken stakes
with ties between them... driven down into
the water and firmly propped there; then,
the lower surface inside, under the water,
must be leveled off and dredged, working
from beams laid across; and finally, concrete
... must be heaped up until the empty space
which was within the cofferdam is filled up
by the wall.” The double-wall design was
intended for use where concrete was un-
available. It consisted of “double sides, com-
posed of charred stakes fastened together
with ties, [with] clay in wicker baskets made
of swamp rushes... packed in among the
props.”



Cofferdams were widely used in Europe prior
to the settlement of North America. It is not
known where and when the first cofferdam
was constructed in what became the United
States, but it was likely used for construction
of a masonry bridge pier or dam foundation.
Wooden bridge piers did not require access to
the river bottom for construction, since such
piers generally consisted either of wood piles
driven into the bottom using a pile driver, or
a wooden crib, a box-like structure of logs or
sawn timbers filled with rocks and resting
directly upon the bottom. Likewise, wooden
dams, generally constructed of a series of
cribs, did not require foundation work.

Determination of the type of cofferdam to be
used is the “first and most important problem
to be solved preliminary to the start of con-
struction of a lock or dam.”2 A reliable coffer-
dam minimizes the flow of water into the con-
struction site, permitting the area to be de-
watered by pumps or other means. After de-
watering, the cofferdam must permit the con-
trol of leakage into the construction site. The
cofferdam must be economical—inexpensive
to construct, readily removed, and offering a
maximum reuse of materials. For in-river
construction, a reliable cofferdam is crucial,
because construction often spans multiple
low water seasons. This requires the coffer-
dam to be capable of surviving overtopping
and inundation during the period of high
water. This necessitates that the structure be
protected against marine hazards, such as
flood, ice, and drift, which may damage the
structure and flood the construction site.3

Delays or costs caused by leakage or failure of
the cofferdam can significantly affect con-

struction. However, “owing to the temporary
need of these structures, engineers and con-
tractors are often tempted to use too much
economy in their construction to their subse-
quent regret.”+ The design and construction
of cofferdams therefore represents something
of an engineering high-wire act, striving to
balance somewhat contradictory goals—the
desire for the least expensive, most easily
constructed and removed structure, and the
need to protect the enclosed construction site
from flood or other vagaries of nature.

The Corps of Engineers has constructed
cofferdams for in-river construction projects
for more than 150 years. During that period,
Corps engineers have developed entirely new
cofferdam designs, refined and improved
existing designs, introduced innovative
approaches to construction, and pioneered
the use of scientific methods to analyze the
forces and stresses acting upon cofferdams.
This study documents the history of the
Corps’ use of cofferdams in inland river
construction, with particular emphasis upon
the evolution of design, co<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>